Plant extracts, metaldehyde and saline solutions on the population control of Bradybaena similaris.
RESUMO

O objetivo deste trabalho foi avaliar a eficiência de extratos vegetais, metaldeído e soluções salinas como alternativas para o controle populacional de Bradybaena similaris e o efeito dos extratos para a redução dos danos sobre Brassica oleracea, em condições de laboratório (Laboratório de Entomologia da Unochapecó, Chapecó, Santa Catarina). O experimento foi conduzido utilizando cinco indivíduos adultos de B. similares para cada um dos nove tratamentos em triplicatas, totalizando 135 caracóis. Os seguintes tratamentos foram testados: extrato de cinamomo (Melia azedarach), timbó (Ateleia glazioveana), alecrim (Rosmarinus officinalis), erva-mate (Ilex paraguariensis), metaldeído (3% e 5%), soluções salinas (5% e 10%) e a testemunha (água destilada). Para avaliação dos dados, foi determinada
INTRODUCTION
Slugs and snails (terrestrial gastropods) are amongst the major agricultural pests because they are capable to attack different cultures, both in conventional and organic crops. The damage caused by mollusks has increased due to the introduction of new crops, expansion of cultivated areas, and the spread of exotic species (BARONIO et al., 2014) . Due to the recent growing of organic farming (ABREU et al., 2012) populations of these species. The snail Bradybaena similaris (Fèrussac, 1821) is a pulmonate, terrestrial gastropod, popularly known as "garden snail". It is very common in urban and peri-urban areas, and it is often observed during rainy periods in vegetable crops, gardens, and ornamental potted plants (THIENGO et al., 2005) . It is considered a pest of cultivated plants ( ARAÚJO, 1989) and stands out among the mollusks of economic and parasitological interest, for consuming vegetables and ornamental plants, and because it can transmit worm eggs, bacteria, protozoa and fungi related to human diseases (JUNQUEIRA et al., 2008) . Of asian origin, this species was introduced in tropical regions by the plant trade (ARAÚJO, 1989) . It currently occurs in north, central and south america, and in Brazil it is distributed from Amapá to Rio Grande do Sul, with well-established populations in man-made environments (ARAÚJO, 1989; THIENGO et al., 2005) .
Population control of terrestrial mollusks should include the correct recognition of the target species, manual capture of individuals, and their subsequent elimination (GARCIA, 2002) . Use of synthetic products should be evaluated with caution, because such products can contaminate the soil and the water, and may consequently affect local populations of humans and other animals (THIENGO et al., 2005) . In fact, these products have their application prohibited to organic farming. Therefore, the use of natural products, which are selective and biodegradable, represents an appropriate alternative for controlling populations of mollusks (VENDRAMIM & CASTIGLIONI, 2000; FERREIRA et al., 2010) . Indiscriminate use of synthetic products can result in adverse effects on human health, depending on the form, time of exposure, type of product, and its specific toxicity (TRAPÉ, 1994) . Brazil is ranked as one of the world's biggest consumers of pesticides; in horticulture, for instance, the average annual consumption of pesticides can exceed 10 kg per hectare (PERES & MOREIRA, 2007) .
Given the above, this study aimed 1) to evaluate the efficiency of natural products and saline solutions on the population control of B. similaris, comparing the efficiency of these products with metaldehyde-based commercial formulations, and 2) to evaluate the repellency potential of plant extracts on B. similaris.
MATERIALS AND METHODS
This experimental study was conducted at the Entomology Laboratory of the Universidade Comunitária da Região de Chapecó (Unochapecó), Chapecó, Santa Catarina, Brazil. It was used a randomized experimental design, including nine treatments in triplicate. Bioassays were performed under controlled conditions of temperature (27°C to 30°C) and photoperiod (12 hours).
Treatments
The following treatments were tested: I) aqueous extract of cinnamon (Melia azedarach L.), II) aqueous extract of timbó (Ataleia glazioveana Bail.), III) aqueous extract of rosemary (Rosmarinus officinalis L.), IV) aqueous extract of mate herb (Ilex paraguariensis St. Hil.), two synthetic products with metaldehyde-based active principle (Madelesma ® and Metarex ® ) embedded in toxic bait pellets with V) 3% concentration and VI) 5% concentration, and saline solution at the concentrations of VII) 5% and VIII) 10%.
Plant extracts were obtained from fresh leaves of plants collected in the city of Frederico Westphalen, Rio Grande do Sul, Brazil (27° 21' 27" S, 53° 23' 40" W). In the laboratory, 50 grams of leaves were macerated and submerged in a volume of 100 ml of distilled water, and were subsequently put for resting during 48 hours. This procedure was made for all plant extracts. For the saline solutions it was used 5g and 10g of the commercial form of sodium chloride (NaCl), which was dissolved in 100ml of distilled water. As for the metaldehyde, it was used 1g of each concentration of the commercial products. As a control treatment it was used only distilled water and food.
All specimens of B. similaris were collected on December 08, 2014, in a rural property at the Matias do Bem locality (27° 39' 26'' S, 53° 19' 8'' W), located in the municipality of Boa Vista das Missões, Rio Grande do Sul. Collection was carried out between 20h and 23h, in a cabbage plantation (Brassica oleracea Linnaeus) of a family vegetable garden. The specimens of B. similaris were manually captured using latex gloves, and then packed into a polyethylene box for transportation to the Entomology Laboratory of Unochapecó.
Each experimental unit consisted in a polyethylene arena of 10cm in diameter and 11cm in depth. For all treatments it was used only undrilled, young leaves of cabbage (B. oleracea). Leaves were immersed in the aqueous extract or in the saline solution for approximately five seconds, without using any adhesive substance, and were subsequently accommodated in the arenas. The arenas were closed with a porous nylon tissue, thus allowing for ventilation. In each arena it was placed five adult specimens of B. similaris (upper shell dimension: 8mm high, 14mm wide), totaling 135 snails. For all treatments, five spraying of distilled water were given every 24 hours interval.
Data analysis
To evaluate the survival of B. similaris specimens, it was checked the treatments every 24 hours, over four consecutive days. At the end of a 96 hours period, the leaves of B. oleracea were removed, and their consumed areas were measured in cm² using a caliper. To test the efficiency of each treatment it was used the formula proposed by ABBOTT (1925) . It was performed an analysis of variance (ANOVA) based on the number of live snails and the leaf area of B. oleracea consumed. This test allowed for comparing the averages among treatments at intervals of 24 hours, and the intake of leaves of each treatment after 96 hours. Data frequencies were previously transformed into Log(x+1). Means were grouped and compared by the Duncan test, at 5% probability of error.
RESULTS
There were significant differences between the food treatments containing the extracts and the control treatment, with regards to the mean survival of B. similaris (F=372.6, P<0.01) as well as to the time of exposure (F=7.82; P<0.01). The coefficient of variation between the averages of different treatments was 9.2%.
The two concentrations of metaldehyde (3% and 5%) presented the greatest reduction of B. similaris, reaching a mortality of 100% (N=5), and significantly differed from the control and other treatments. The treatment with the saline solution at 10% showed an intermediate efficiency (42%, N=2.09), and had a significant difference as compared to the other treatments (Figure 1) . Conversely, all the aqueous extracts and the saline solution at 5% did not differ from the control treatment (Table 1) .
The extract of A. glazioviana and the 5% saline solution did not differ from the control treatment with regards to the consumed leaf area of B. oleracea. For the treatment with M. azerdarach, in turn, there was a significantly higher consumption, whilst the leaf consumption was lower in the treatments with the saline solution at 10% and with the extracts of R. officinalis and I. paraguariensis (Figure 2 ).
DISCUSSION
The snail B. similaris did not present any susceptibility to the tested natural extracts, while the synthetic, metaldehyde-based commercial products were totally efficient and caused the mortality of all specimens in 48 hours. The brine recommended by GARCIA (2002) showed a repellent effect on B. similaris at the concentration of 10%, as well as did the extracts of R. officinalis and I. paraguariensis. The effect of natural products on invertebrate organisms is quite variable, which may be toxic, repellent, cause sterility, modify the behavior and development, or reduce the feeding activity of the organism (ARNASON et al., 1990) .
The molluscicidal efficiency of metaldehyde, in its maximum concentration allowed (5%) by ANVISA, the Brazilian National Health Surveillance Agency (BRASIL, 2007) , was recently tested by BARONIO et al. (2014) . These authors have reported a mortality rate of 15% on the slug Meghimatium pictum (Stoliczka 1873) under laboratory conditions. Efficiency of 100% of metaldehyde at a 3% concentration for the control of B. similaris, as observed in the present study, indicates that the susceptibility of slugs and snails to this product varies among species. Pioneering studies on natural products with molluscicidal effect have demonstrated the efficiency of the extracts of Serjania spp. and Sapindus saponaria L. on Biomphalaria glabrata Say, 1818, resulting from the action of the saponins of these plants (SILVA et al., 2008) . Meliaceae plants are used in ecologically-based production systems, and their use has been highlighted in studies about pest population control. Plant species such as the neem (Azadirachta indica A. Juss) and the cinnamon (M. azedarach) are known to have broad activity on other plants, insects and pathogens. The main metabolites of these plants are the azadirachtin and the melianona (ROSSI et al., 2007) . The oil from M. azedarach was successfully tested as an inhibitor of the larval development of Spodoptera frugiperda (Smith, 1797) (Lepidoptera) (SCAPINELLO et al., 2014) . Nevertheless, in this study the pure extract of M. azedarach did not present any molluscicidal activity on B. similaris.
Insecticidal activity of the extracts of A. glazioviana was reported by MIGLIORINI et al. (2010) , who reported an efficiency of over 80% for the control of Diabrotica speciosa (Coleoptera), and by GERHARDT et al. (2012) , who reported the extracts to be efficient on Myzus persicae (Sulzer, 1776) (Hemiptera) and Ascia monuste orseis (Linnaeus, 1764) (Lepidoptera). Rotenone is one of the main metabolites present in the extracts of A. glazioviana (SAITO & LUCHINI, 1998) . In the present study; however, it was not observed any molluscicidal or repellent activity of the aqueous extract of A. glazioviana on B. similaris. Compounds predominantly found in the extracts of R. officinalis (rosemary) are α-pyrene, β-myrcene, camphor, eucalyptol (OZAROWSKI et al., 2013) and terpenes. Studies about R. officinalis have shown its insecticide and acaricide (MARTINEZ-VELASQUEZ et al., 2011) potential. It was reported that the snail B. similaris did not present any susceptibility to the aqueous extract of rosemary, although the consumption of B. oleracea was lower in the treatment with the extract of rosemary, which indicated some degree of repellency.
Leaves and branches of I. paraguariensis (mate herb) are used for the production of beverages like tea and mate (MACCARI & SANTOS, 2000) . The insecticidal potential of this plant was tested by BUSATO et al. (2015) , who have reported a larvicidal efficiency on Aedes aegypti (Linnaeus, 1762), reaching 100% of mortality at the concentration of 2000μg ml -1 . Amongst the major metabolites reported in I. paraguariensis are alkaloids such as caffeine and theobromine (GNOATTO et al., 2007) , which may be responsible for limiting the consumption of cabbage leaves by B. similaris. FERREIRA et al. , studies with natural products should be encouraged because these products impose little or none environmental impact, are more selective, do not leave residues in foods, and because the development of pest resistance to natural products is unknown. Hence, natural products well known by people, such as the brine (GARCIA, 2002) , may represent a suitable alternative to reduce the damage caused by the snail B. similaris.
CONCLUSION
We concluded that: 1) Trials with the aqueous extracts indicated that plant extracts were not completely effective. 2) Treatment with the extracts of M. azedarach had the opposite effect, leading to higher consumption of leaves in comparison to the control treatment. 3) Extract of A. glasioveana and the saline solution at 5% had no molluscicidal, inhibitor or repellent effects, showing no difference from the control treatment with regards to the consumed leaf area of B. oleracea. 4) Extracts of R. officinalis and I. paraguariensis inhibited the consumption of leaves of B. oleracea, suggesting the existence of metabolites capable of limiting the consumption of leaves; this result opens up possibilities for further testing isolated compounds of these plants. 5) metaldehyde was 100% effective at the two tested concentrations (5% and 3%), inducing the mortality of all snails. 6) l Lower concentration of metaldehyde tested (3%) is below the maximum concentration allowed by ANVISA; thus, it is suggested that a lower degree of this molluscicidal active principle should be used in some cases, ensuring its efficiency and reducing potential environmental impacts.
